Objective: To determine whether an intervention to reduce eveningness chronotype improves sleep, circadian, and health (emotional, cognitive, behavioral, social, physical) outcomes. Method: Youth aged 10 to 18 years with an evening chronotype and who were "at risk" in 1 of 5 health domains were randomized to: (a) Transdiagnostic Sleep and Circadian Intervention for Youth (TranS-C; n ¼ 89) or (b) Psychoeducation (PE; n ¼ 87) at a university-based clinic. Treatments were 6 individual, weekly 50-minute sessions during the school year. TranS-C addresses sleep and circadian problems experienced by youth by integrating evidence-based treatments derived from basic research. PE provides education on the interrelationship between sleep, stress, diet, and health. Results: Relative to PE, TranS-C was not associated with greater preÀpost change for total sleep time (TST) or bed time (BT) on weeknights but was associated with greater reduction in evening circadian preference (preÀpost increase of 3.89 points, 95% CI ¼ 2.94À4.85, for TranS-C, and 2.01 points, 95% CI ¼ 1.05À2.97 for PE, p ¼ 0.006), earlier endogenous circadian phase, less weeknightÀweekend discrepancy in TST and wakeup time, less daytime sleepiness, and better self-reported sleep via youth and parent report. In terms of functioning in the five health domains, relative to PE, TranS-C was not associated with greater preÀpost change on the primary outcome. However, there were significant interactions favoring TranS-C on the Parent-Reported Composite Risk Scores for cognitive health. Conclusion: For at-risk youth, the evidence supports the use of TranS-C over PE for improving sleep and circadian functioning, and improving health on selected outcomes. Clinical trial registration information: Triple Vulnerability? Circadian Tendency, Sleep Deprivation and Adolescence. https://clinicaltrials.gov; NCT01828320.
Our goal was to modify the psychosocial, behavioral and cognitive processes that contribute to eveningness and a broad range of other sleep and circadian problems often associated with eveningness (eg, insomnia) via the Transdiagnostic Sleep and Circadian Intervention for Youth (TranS-C). 25 Targeting research and treatment at a transdiagnostic process is a relatively new approach, [26] [27] [28] and sleep and circadian problems are plausible transdiagnostic processes. 29 Also, prior youth sleep treatment studies have tended to be disorder focused, in that they have treated a specific sleep problem (eg, insomnia) in a specific diagnostic group (eg, depression). However, reallife sleep and circadian problems are not so neatly categorized. TranS-C aims to address the need for one short protocol (comprising six sessions) that addresses a range of the most common real-life sleep and circadian problems. TranS-C is transdiagnostic in two senses: it is designed to address the common core of a range sleep and circadian problems, and to be useful for the sleep and circadian problems that are common across health domains.
In the present study, adolescents were selected for reporting an evening chronotype and falling into an "at risk" range on measures of at least one of the five health domains reviewed above (emotional, cognitive, behavioral, social, or physical). Participants were randomly allocated to either (a) TranS-C (n ¼ 89) or (b) Psychoeducation (PE) (n ¼ 87). TranS-C, relative to PE, was hypothesized to improve sleep and circadian function, advance the timing of the endogenous circadian phase via the dim light melatonin onset protocol (DLMO), and decrease risk across the five health domains (emotional, cognitive, behavioral, social, and physical).
METHOD

Study Design
Based in a university clinic, from March 2013 to March 2016, youth were randomly assigned, stratified by sex and age (10À14 years, 15À18 years), in a 1:1 parallel group design, to receive either TranS-C or PE. Sibling pairs (n ¼ 3) were randomized to the same condition.
Assessors were blinded to treatment allocation. Sequentially numbered, opaque, sealed envelopes were generated using a computer-generated random number list. A project coordinator conducted randomization after all eligibility assessments were completed. Assessments were conducted at baseline and at the end of treatment. The Committee for the Protection of Human Subjects approved the study.
Participants
Participant flow is illustrated in Figure 1 . Participants included 176 youth recruited through clinicians or advertisements.
Individuals were eligible if they (a) were between 10 and 18 years old, living with a parent or guardian, and attending a class/job by 9 am at least 3 days per week; (b) were fluent in English; (c) were able and willing to give informed assent; and (d) reported eveningness as demonstrated by scoring within the lowest quartile of the Children's MorningnessÀEveningness Preferences Scale (CMEP; 27 or lower) and had a 7-day sleep diary showing a sleep onset time of 10:40 pm or later for 10-to 13-yearolds, 11:00 pm or later for 14-to 16-year-olds, and 11:20 pm or later for 17-to 18-year-olds at least 3 nights per week. 30, 31 In addition, this sleep pattern had to have been present for the past 3 months. Finally, participants had to fall into an "at-risk" range on measures of at least one of the five health domains (Table 1) . [32] [33] [34] [35] [36] [37] [38] [39] Exclusion criteria were (a) an active, progressive physical illness or neurological degenerative disease directly related to the onset and course of the sleep disturbance; (b) evidence of obstructive sleep apnea, restless legs syndrome, or periodic limb movement disorder (youth presenting with provisional diagnoses of any of these disorders were referred for a nonstudy polysomnography evaluation at the parent's discretion and were enrolled only if the diagnosis was disconfirmed); (c) significantly impairing pervasive developmental disorder; (d) bipolar disorder, schizophrenia, or another current Axis I disorder if there was a risk of harm if treatment were delayed. Participants ceased taking medications that alter sleep (eg, hypnotics) 4 weeks prior to the assessment (2 weeks for melatonin) or were excluded. Finally, history of substance dependence in the past 6 months or current suicide risk sufficient to preclude treatment on an outpatient basis was exclusionary.
In other words, receipt of another sleep treatment was the only type of treatment excluded. We wanted to be sure that any improvements in sleep could be attributed to TranS-C or PE, not the other sleep treatment. Other medications were allowed. A medication-free group would have been nonrepresentative. We also included youth with Axis I psychiatric comorbidity (except for bipolar disorder and schizophrenia), even if they were receiving treatment for that comorbidity.
Treatments
Therapists were doctoral or master's level. Weekly supervision was conducted by AGH for TranS-C and by NZ and AGH for PE. Sessions were audio recorded. Treatment integrity was evaluated by AGH for TranS-C with the Cognitive Therapy Rating Scale (CTRS) 40 and by NZ for PE on a scale of 1 to 100, on which higher scores were awarded for alliance building, reflective listening, and providing PE without emphasizing behavior change.
A checklist of elements specific to TranS-C and PE was used to rate presence/absence and focus on behavior change (a distinguishing feature of the treatments) for a random subset of tapes (49 TranS-C, 58 PE). A total of 182 TranS-C elements were coded in TranS-C, relative to 16 TranS-C elements in PE. In all, 77 PE elements were coded in PE, relative to 20 PE elements in TranS-C sessions. In TranS-C, 88 instances of actions taken by the therapist to promote behavior change were present with 0 instances in PE.
Treatment involved 6 individual, weekly, 50-minute sessions delivered during the school year to minimize the impact of summer schedule variability. 41 A total of 149 participants (85%) attended all 6 sessions (18% had 1 double session to complete treatment within the school semester). 
Transdiagnostic Sleep and Circadian Intervention for Youth
Transdiagnostic Sleep and Circadian Intervention for Youth (TranS-C) 25 is grounded in sleep and circadian basic science and combines elements from four evidence-based interventions: Cognitive Behavior Therapy for Insomnia, [42] [43] [44] Interpersonal and Social Rhythm Therapy, 45 Chronotherapy, 46 and Motivational Interviewing. 47 TranS-C is a modular approach that allows the treatment sessions to be focused on the specific sleep problem experienced by each patient. The goal is to reverse maintaining psychosocial, behavioral and cognitive processes via four cross-cutting modules, four core modules, and seven optional modules (also see Supplement 1, available online). The four Cross Cutting Modules are as follows: case formulation; education; behavior change and motivation; goal setting. The four Core Modules are as follows: establishing regular sleepÀwake times including learning a wind-down and wake-up routine; improving daytime functioning; correcting unhelpful sleep-related beliefs; and maintenance of behavior change. The Optional Modules are as follows: improving sleep efficiency; reducing time in bed; dealing with delayed or advanced phase; reducing sleep-related worry/vigilance; promoting compliance with continuous positive airway pressure or exposure therapy for claustrophobic reactions to continuous positive airway pressure; and negotiating sleep in a complicated environment and reducing nightmares.
Psychoeducation (PE) is an active comparison treatment associated with sleep improvement. 48 Sessions focus on the interrelationship among sleep, stress, diet, health, exercise, accidents, and mood. Participants were also given the choice of sampling meditation, yoga, and/or outdoors appreciation. The emphasis was on providing information but not on specifically facilitating behavior change (also see Supplement 1, available online).
Measures
Except where specified, assessments were administered before and after treatment. 
Diagnosis
The K-SADS 35 was administered separately to youth and one parent/caregiver to assess for participant current and lifetime Axis I disorders at the pretreatment assessment.
Sleep Outcomes
Sleep Diary. An a priori decision was made to investigate weeknight average total sleep time (TST) and bedtime (BT) average as primary outcomes to best capture the sleep problems of interest.
2 Secondary outcomes were the discrepancy between weeknight and weekends for TST, BT, and waketime (WUP). A sleep diary was used. 49 Calculation of sleep diary variables is described in Table S1 , available online. A parent rating their child as "worse" than others the participant's age on one or more of the social behavior items (Section VI) from the CBCL Cognitive A parent rating their child as "failing" in one or more academic classes from CBCL Section VII Physical A score of !4 on the PHQ-15, !6 days of school absences, or a BMI above the 85th percentile for the participant's sex and age
Note: ADHD ¼ attention-deficit/hyperactivity disorder; BMI ¼ body mass index (the cutoff corresponds to 1 SD above the mean); CBCL ¼ Child Behavior Checklist, 32 which asks the parent if their child does "worse than," "average," or "better than" other teens their age or if the teen is "failing," "below average," "average," or "above average"; CDRS ¼ Child Depression Rating Scale 33 (the cutoff is commensurate with "clinical symptoms") 34 ; K-SADS ¼ Schedule for Affective Disorders and Schizophrenia for School-Age Children 35 ; MASC-10 ¼ Multidimensional Anxiety Scale for Children (the cutoff T score was selected to capture the "slightly elevated" through to the "very elevated" range) 36 ; PHQ-15 ¼ Physical Health QuestionnaireÀ15 (the cutoff corresponds to "minimal somatic symptom severity" through to the "high somatic symptom severity" range) 37 ; SSS ¼ Sensation Seeking Scale 38 (the cutoff correspond to at or above 1 SD over the normative average).
39
Other secondary outcomes were scores on the Sleepiness Scale, 50 Pittsburgh Sleep Quality Index (PSQI), 51, 52 and CBCL Sleep Composite (parent report). 32 
Circadian Outcomes
Children's Morningness-Eveningness Preferences Scale (CMEP) 53 was a primary outcome. Scores range from 10 (Extreme evening preference) to 43 (Extreme morning preference).
Dim Light Melatonin Onset (DLMO) was a secondary outcome. DLMO is the gold standard index of the endogenous circadian phase. 54 It is assessed with the serial saliva sampling method one night before and after treatment in an overnight stay in the Psychology Department at UC Berkeley based on established protocol. 55 Thirteen saliva samples were collected for each participant before and after treatment, beginning 5.5 hours before average bedtime (computed from 7 nights of sleep diary) and ending 30 minutes after average bedtime. Saliva (w1 ml) samples were collected in 30-minute intervals in dim light (<50 lux) using untreated Salivettes (Sardtedt; N€ umbrecht, Germany) and assayed for melatonin (SolidPhase, Inc.; Portland, Maine) using radioimmunoassay test kits (APLCO Diagnostics, Windham, NH). DLMO was defined as the interpolated time at which melatonin exceeded 3.0 pg/ml. The selection of this threshold was based upon prior experience with melatonin as a marker of circadian phase and the visual inspection of each participant's DLMO record. 55 Saliva samples were collected from all randomized participants. There were 15 (8.5%) and 29 (16.5%) participants with missing DLMO data at pretreatment and posttreatment, respectively. Further detail is provided in Supplement 2, available online.
Functioning in Five Health Domains
For each of the five health domains (ie, emotional, cognitive, behavioral, social, and physical health), three clusters of composite scores were calculated using the cumulative risk index. 56, 57 The first cluster is the Youth Self-Report Composite Risk Score (primary), which was derived from psychometrically validated questionnaires representing each of the five health domains (Supplement 2, available online, lists the questionnaires). The second cluster is the Youth Ecological Momentary Assessment (EMA) Composite Risk Score, which was derived from telephone calls twice per day on weekdays and four times per day on weekends. The questions asked during the calls were adapted from Silk et al. 58 The rationale for including EMA was to index "real world" functioning in each of the five health domains. The third cluster is the Parent-Reported Composite Risk Score, comprising a composite score of parent responses to CBCL subscales representing the five health domains. Further detail on the calculation of these three clusters of composite scores is provided in Supplement 2, available online.
A Medications Tracking Log was completed. A credibility/expectancy questionnaire (CEQ) 59 was administered at the end of the second therapy session to index expectation of improving and credibility of treatment.
Timeline for Assessments and Treatment
Adolescents and parents/guardians were screened via telephone. Eligible adolescents completed a sleep diary for 7 nights to ascertain the presence of eligibility critiera (d). If met, an in-person assessment was conducted during which the K-SADS and questionnaires were completed. If the participant continued to meet criteria, the activities from this point forward were conducted within the school semester because holiday schedules differ markedly during adolescence. 41 To determine DLMO collection times and wake-up times, an additional 7 nights of sleep diary were collected immediately prior to the overnight stay in the laboratory.
After the overnight stay, the participant was randomized and completed a further 7-night sleep diary and answered phone calls to collect Ecological Momentary Assessment (EMA) data. This additional sleep diary was collected so that sleep diary data were concurrent with EMA. These measures were the basis of the primary and secondary outcomes. Compensation is described in Supplement 3, available online. Treatment commenced 1 week later.
After treatment, the procedures for the overnight assessment to collect DLMO were repeated, along with an in-person interview and 7 days of EMA and sleep diary.
Data Analysis
Sample size was determined via power analysis. G*Power 3.1 was used to estimate sample size using Cohen's d ¼ 0.48 for primary outcomes, assuming significance of 0.05 and power of at least 80%. A total of 69 participants were needed for each condition. The final recruitment allowed for at least 20% more for potential attrition (more detail in Supplement 4, available online). There were no interim analyses. The final sample size for the analysis was 176. To reach the target number of participants for each semester, we had to recruit more eligible participants than we needed, because participants sometimes decided not to participate during the eligibility assessment. Therefore, when recruiting the final cohort, we allowed extra eligible participants to proceed, all of whom decided to participate. Hence, the total sample size is larger than indicated by the power analysis.
Data analysis was conducted in Stata 14 (StataCorp, College Station, TX). All analyses were adjusted for age and sex, which were the stratification factors used during randomization. Using intent-to-treat, 60 multilevel modeling with maximum likelihood estimation with the assumption of missing at random was used to examine continuous outcomes. The fixed component of the model included stratification factors (age and
part of the model included a subject-specific random intercept and a time-and subjectspecific error term. The treatment effect of interest was the interaction, representing the difference in mean change from pretreatment to posttreatment between TranS-C and PE. The model also provided estimates of the mean preÀpost change in the PE condition (coefficient of Time) and in the TranS-C condition (coefficient of Time plus interaction coefficient), and the significance of these changes was also reported regardless of the significance of the interaction because PE may be an active control and can be beneficial. Using Hochberg's 61 procedure, the outcomes are considered two subfamilies of analyses. The error rate in each subfamily was controlled under 0.025 using the Hochberg's step-up procedure, so that the overall familywise error rate did not exceed 0.05.
In all, 27 participants (15%) completed their pretreatment assessment prior to starting the school semester. Of these, 13 participants did not continue to meet eligibility critiera (d) once the semester started. The analyses included these participants, as there was no change to the findings when they were excluded.
RESULTS
Participant Characteristics
There were no differences in demographic or clinical characteristics between treatment groups at pretreatment (Table 2 ). There were no significant differences between participants randomized versus excluded for age (p ¼ 0.27) or sex (p ¼ 0.19). There was no group difference in the rate of dropouts during treatment (TranS-C ¼7.9%, PE ¼ 2.3%; p ¼ 0.09) or follow-up (TranS-C ¼ 1.1%, PE ¼ 3.4%; p ¼ 0.30). The two treatment groups also did not differ with respect to time between treatment sessions (p ¼ 0.34), engagement in other types of treatment (p ¼ 0.25), and season in which treatment was provided (p ¼ 0.69).
Medications
At study entry, medication use was as follows: antidepressants, n ¼ 19 (11%); stimulants, n ¼ 22 (13%); and antipsychotics, n ¼ 1 (1%). The doses of 70% of antidepressants, 73% of stimulants, and 100% of antipsychotics remained stable across treatment. There were no group differences in discontinuation during the treatment phase (TranS-C ¼ 0%; PE ¼ 1%). There was no between-group difference on medication dosage change during the treatment phase (p ¼ 0.24).
Sleep Outcomes
Sleep outcomes data are provided in Table 3 62 and in Table S2 , available online. There was no Treatment by Time interaction for TST or BT on weeknights. However, TranS-C yielded longer TST on weeknights at posttreatment relative to pretreatment, and there was no preÀpost difference for PE. There was no preÀpost change in BT on weeknights for either treatment.
Compared to PE, TranS-C was associated with greater reduction in the weeknightÀweekend discrepancy for TST from pretreatment to posttreatment. There was no preÀpost change in BT weeknight-weekend discrepancy for either treatment. Compared to PE, TranS-C was associated with greater preÀpost reduction in the weeknightÀweekend discrepancy for WUP. In addition, compared to PE, TranS-C exhibited greater preÀpost reduction in Sleepiness, PSQI, and parent-reported CBCL Sleep Composite.
Circadian Outcome
Circadian outcome data are provided in Table 3 . Compared to PE, TranS-C exhibited a significantly greater preÀpost increase in CMEP (d ¼ À0.50, medium effect) and earlier DLMO at posttreatment compared to pretreatment. It should be noted that the phase advance for participants who received TranS-C (DLMO from 21.30 to 21.14) should be interpreted in the context of the phase delay for participants who received PE (DLMO from 21.30 to 21.47).
Health Domains
Health domain data are listed in Table 4 . For the Youth Self-Report Composite Risk Scores, none of the Treatment by Time interactions attained statistical significance. Both treatments exhibited significant preÀpost improvement in the Emotional domain. As shown in Table 4 , both CDRS and PHQ were significantly reduced from pretreatment and posttreatment in both conditions.
For the Youth EMA Composite Risk Score, there was no Treatment by Time interaction for emotional health via EMA. There was a marginally significant effect for the Treatment by Time interaction for cognitive health via EMA, such that there was a preÀpost increase for TranS-C and a decrease for PE. There were no Treatment by Time interactions for behavioral or physical health. However, there was a significant preÀpost decrease for behavioral 
DISCUSSION
Relative to PE, TranS-C was associated with a greater decrease in evening circadian preference, an earlier endogenous circadian phase, greater decrease in daytime sleepiness, and greater increase in sleep via the PSQI. This pattern of findings was also observed on the parent-reported CBCL Sleep Composite and on two sleep diary outcomes: weeknightÀweekend discrepancy for TST and WUP. In addition, youth who received TranS-C demonstrated significantly longer TST on weeknights (23 minutes) from before to after treatment, which was not observed in PE. This pattern of findings is consistent with research documenting the effectiveness of sleep interventions for youth, [42] [43] [44] extending prior research by documenting that a transdiagnostic approach improves selected sleep outcomes and changes a biological marker of circadian functioning. The improvement observed for TranS-C on DLMO should be interpreted in terms of the circadian phase delay that occurred for PE. TranS-C may buffer against a phase delay that would otherwise have occurred, had youth not received TranS-C. We were surprised that there was no treatment effect for three sleep diary variables (TST, BT and the weeknightÀweekend discrepancy in BT). Indeed, the results are more positive for global, retrospective questionnaires. We believe that these provide more comprehensive coverage of sleep problems relative to the individual sleep parameters derived from the sleep diary, which were the primary outcomes. In hindsight, the three sleep diary variables may have suffered from the wide transdiagnostic inclusion gates. For example, TST that is either too long or too short is problematic. 63 Thus, when we combine short sleepers (eg, insomnia) and long sleepers (eg, hypersomnia), the calculation of TST is not reflective of treatment change. Sleep diary reporting standards may need revision given the complexity of "real world" sleep problems and sleep health. 63 Also, in terms of BT, "shuteye time" may be the more appropriate primary outcome given the current technological age. 64 Interestingly, reducing the discrepancy between weekday and weekend WUP and TST was more malleable than BT. Indeed, many youth had a nonmodifiable number of tasks that had to be completed-such as homework, sports, dinner-in the hours between school ending and bedtime. Finally, consideration should be given to including sleep extension in TranS-C, as it effectively advances BTs in adolescents. 65 In terms of functioning in the five health domains, contrary to prediction, TranS-C was not associated with greater preÀpost change on the primary outcome relative to PE. For secondary outcomes, there was a marginally significant effect for TranS-C to show improvement on the cognitive health Youth EMA Composite Risk Score relative to PE. There were also Treatment by Time interactions favoring TranS-C on the Parent-Reported Composite Risk Scores for cognitive health, thought problems, and rule breaking. In sum, select health domains appear to be mitigated by TranS-C. Yet it is surprising that the other domains were not affected, given the evidence that sleep deprivation can adversely affect these domains. Relevant literature tends to use full-night sleep deprivation, whereas youth are better characterized as partially sleep deprived. Perhaps the measures were insufficiently sensitive to the health problems associated with youth eveningness. Finally, a large change on TST and BT may be required before strong downstream health effects will be observed.
PE and TranS-C exhibited significant improvement in the emotional domain on the Youth Self-Reported Composite Risk Scores as well as the behavioral health domain on the Youth EMA Composite Risk Score. These findings are consistent with evidence that PE is an active treatment that provides real benefits. 48 It is also important to note the marginally significant effect of preÀpost reduction in cognitive functioning via EMA associated with PE. Also, for the physical health domain on the Youth EMA Composite Risk Score, youth in both groups became more inactive after the intervention. These results are surprising and require future research.
There are several limitations in the current investigation. This study is more toward the efficacy than the effectiveness end of the continuum. Future research is needed to test the generalizability of these findings with fewer exclusion criteria. To the best of our knowledge, this is the first study to examine the five health domains that we included; as such, there was minimal pre-existing guidance as to how to optimally assess these outcomes. Interrater reliabilities for the diagnostic measures were acceptable for KSAD but low for CDRS. The outcomes reported are those listed as primary and secondary on clinicaltrials.gov. These prioritize youths' sleep experience. Future reports will include objective measures and additional sleep diary outcomes. In addition, a no-treatment control was not included. Also, the income of the sample was relatively high, raising the need to assess generalizability of the findings to lower-income families. Although not significant, dropout was higher in TranS-C relative to PE. Outcomes immediately posttreatment are presented; follow-up data are currently being collected.
In summary, this study used multiple methods and multiple informers and provides a test of a treatment that addresses an important and understudied mechanism-the role of dysregulated sleep and circadian rhythms contributing to vicious cycles of escalating vulnerability and riskin youth. The stated primary outcomes were not significant except for CMEP (the primary circadian outcome). As such, formally this is a negative trial for most of the primary outcomes. However, important secondary outcomes are significant, including a biological marker of the endogenous circadian phase. As such, for at-risk youth, the evidence tentatively supports the use of TranS-C over PE for improving sleep and circadian functioning and for improving health. Potential advantages of the transdiagnostic approach for the practice of behavioral sleep medicine is that it contributes to reducing the "Too many empirically supported treatments problem" (p. 68) 66 and the associated burden on clinicians. Also, the modular approach ensures that the intervention targets are individualized and address a range of separate sleep and circadian mechanisms.
